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Description 

Technical Reld 

The present invention relates to a process for 
expanding thermoplastic microspheres of the s 
kind which contain a blovymg agent which is 
vaporized at heating. 

Background of the Invention 

At the production of expandable microspheres io 
a liquid suspension of thermoplastic particles is 
obtained and the particles contain an encapsu- 
lated liquid blowing agent The unexpended par- 
ticles can be used as such, they can for example 
be mixed into different products for later expan- is 
sion by heating. However, the expansion can also 
be carried out on an industrial scale before the 
spheres are mixed into any product or used in 
another way. 

The actual expansion process is, however, not 20 
free from problems. It is desirable to use a high 
temperature to get a uniform and rapid expansion 
as well as maximum decrease In density due to 
great gas expansion and softened thermoplastic 
shell. However, the softening of the thermoplastic 25 
material also leads to a risk for particle shell 
weakening and to a mutual particle agglomera- 
tion. The agglomeration tendency increases with 
the time the particles are in contact with each 
other in a heated condition. If large suspension 30 
media amounts are used to avoid agglomeration " 
there will instead be problems with the moisture 
content of the final product. Problems with 
agglomeration can also arise at heating in con- 
nection with drying of the particles, for example 3S 
when the suspension liquid is dried off. If the 
microspheres are rapidly cooled with water to 
avoid agglomeration a conflict will arise with the 
need to avoid substantial drying. 

Further problems arise with the application of 40 
heat in connection with the expansion. The 
expanded particles have a considerably higher 
thermal Insulating effect than the unexpended 
particles and this can make a complete and 
uniform expansion of the entire quantity of 45 
microspheres more difficult. Also the drying of 
microspheres by means of heating is more 
difficult for the same reasons. If attempts are 
made to avoid these problems by finely atomizing 
the particles there will be economical problems so 
due to the necessity for larger equipment 
volumes. 

Several different methods to carry out the 
expansion have been disclosed. The US patent 
3,611,583 suggests that the slurry of ss 
microspheres be spread out In a thin layer on a 
belt with subsequent application of heat Even if 
the layer is very thin it cannot be avoided that 
heat supply to the central parts of the mass is less 
good than to the parts close to the surface. 60 
Further, in this method the partictes will be In 
contact with each other for a fairly long time in 
heated condition and this gives a high risk of 
agglomeration. The US patent 3,779,951 suggests 
that glycols be used as lubricant for the particles €5 



to avoid agglomeration. Besides the fact that In 
most cases this method gives an addition of an 
undesirable component to the microspheres, it 
does not soh/e the problem of obtaining a uni- 
form supply of heat. According to the US patent 
3,914,360 the microspheres are expanded by 
being conveyed through a heated static mixer. 
Although the continuous mixing improves the 
heat transfer this will not be complete due to the 
insulating effect of the expanded particles. Fur- 
ther, there is nothing in this process that will 
prevent a continuous agglomeration between the 
particles during the expansion phase or in the 
obtained warm cake of expanded spheres. The 
Swedish patent application 8100181—0 (corre- 
sponding to the EP— A--5619) suggests atomiza- 
tion a slurry of microspheres in a hot, inert gas 
whereby the spheres are dried and then 
expanded in a dispersed condition forming a free- 
flowing product However, this process requires 
large gas- and apparatus volumes. There is also a 
commercial method according to which, the 
slurry is fed to a pipe together with steam 
whereby the particles expand. The disadvantage 
of this method Is that the expanded particles 
leaving the pipe will have to be cooled directly 
with water in order not to agglomerate and this 
addition of water, in combination with the com- 
paratively low dry content of the feed slurry, 
results in a final product having unsatisfactory 
low dry content. If cooling water is not used or is 
replaced by cooling air or a cooled apparatus 
mantle a product of fused particles will be 
obtained. 

The Invention Generally 

It is an object of the present invention to avoid 
the above mentioned problems. It is a special 
object of the invention to make it possible to have 
a uniform and complete expansion of expandable 
microspheres, forming a uniform product free 
from agglomerated microspheres. A further 
object is to make it possible to expand the 
microspheres to a product of high dry content 
without using a special drying step. Still another 
object of the invention is to make it possible to 
achieve these advantages using small apparatus 
volumes and simple equipment in a continuous 
process. 

These objects are achieved by means of the 
characteristic features given in the patent claims. 

By contacting a slurry of the microspheres with 
steam a uniform supply of heat to the particles is 
ensured, even after the expansion of the particles 
has started. The heat transfer between the par- 
ticles and the steam is rapid and efficient and this 
means that the required heating of the particles 
can be carried out within a very small zone and 
thus in a very small apparatus volume: As the 
heat transfer is rapid, a cooling phase can follow 
soon after the expansion phase which reduces the 
agglomeration risk. Since the steam is introduced 
directly to the slurry in a pressure zone there will 
be no real dispersion of the unexpended or the 
expanded particles in a gas phase, but the mass 
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will be kept together during the expansion phase 
and this contributes to keeping the apparatus 

volume and the steam ""^"'"P*'^" l^;;',^?,.!! 
of a pressure zone also means that the friction 
loss^ when the expanded mass flows through 
the zone make up only a small part of the totel 
pressure which allows feeding spumes of com- 
Sarath/ely high dry contents. 0"tflo« °^f;^^ 
considerable pressure reduction means that the 
will ^derate strongly at the out^t and 
Teave this withahigh speed. At the same time the 
□ressure drop will give the particles a rapid and 
felrly great additional expansion at the outflow 
and this, together with the increase In speed, 
disintegrates the outflowing mass to sepa^e 
particles. The mutual contact between the pa^ 
ticles is hereby broken and there can no longer be 
any agglomeration. Further, the expansion con- 
sumes heat and this contributes to the cooling. By 
the disintegration and the rapid outflow a rtrong 
interaction with the surounding medium is a so 
ob«Tned so that each particle will be woled 
rapidly and also dried at the evaporation of 
Seam This rapid cooling further reduces the 
fjlomeration risk and the risk of other damage 
to the sphere shells, and at the ^me time the 
drying results in a final product having only a 
minor amount of retained water. 

Rirther objects and advamages of the invention 
will be evident from the detailed description 
below. 

Detailed Description of the Invention 

Expandable microspheres, their produ<n.on and 
use are disclosed in the US patent 3.615,972. The 
thermoplastlcshell of these particles can for 
example consist of polymers or <=opo\v"'.^rs 
fomToi from monomers such as vinyl ch onde, 
Swene chloride, acr/lonitrile methacrylate or 
styJSne. The particle size of the "nfxpended 
spheres, and thus also of the «Pa"ded spher^, 
can van/ within wide limits and 'S selected with 
respect to the desired properties of the finish^ 
product Particle sizes for unexpended sphe^ 
can for example be 1 urn to 1 mm. PreferaWy 
2 urn to 0.5 um and particularly 5 iim to 50 um. 
The diameter of the particles '"O^ea^ at expan- 
sion by a factor 2 to 5. The unexpended spheres 
contain volatile, liquid blowing agents which are 
vaporized at heating. These blowing agents can 
for example be freons such as tnohlorofluoro. 
methane, hydrocarbons such as n-pentane. 
l-pentane, neo-pentane, butane, -bu»ene or other 
blowing agents conventionally used for this type 
of microspheres. The blowing agent may suitably 
mate up 5 to 30 per cent by weight of the weight 
S the microspheres. Expancei* is an example of a 
suitable, commercially available microsphere 
product which has a thermoplastic shell of a 
vfnylidene/acrylonitrile copolymer and contains 
iso-butane as a blowing agent. 

The expanded particles can be used m several 
fields of application whenever their expandable 
properties, low density, flexibility or other 
properties are valuable, for example in pnnting 



inks for embossed print, as fillers in plastic 
materials and paper and as additives to paints 

and putties. _ 
When the microspheres are fed to the pressure 
5 zone they should be in a slurry since this 
facilitates their transport and the pumpability. 
Any liquid which is inert with respect to Oie 
spheres can be used as slurr/ing agent If a dry 
final product is desired the slurrying agent should 
w be volatile. Water is a preferred slurrying agent 
Since the unexpended microspheres normally are 
obtained in the form of an aqueous slurry at their 
production such a product can advantageously be 
used directly in the process of the invention. 
15 optionally after an adjustment of the dry content 
The lower limit for the dry content of the feeding 
slurry is mainly set by the desired dry conterit of 
the final product The upper limit is essentially 
decided by the pumpability of the slurry before 
20 the expansion and by the transportability of the 
mass through the pressure zone after the expan- 
sion and also with respect to the risk of agglomer- 
ation It is much easier to avoid sintenng and 
other deformation of the microspheres in connec- 
25 tion with the expansion at low dry contents than 
at high dry contents. The sintering risk is greatest 
after the expansion due to the considerable par- 
ticle surface increase obtained at the expansion 
and results in a corresponding eduction of the 
30 liquid layer between the particles. The highest 
possible dry content is also to a certain extent 
dependent on the expansion degree of the par- 
ticles. For particles, which as mentioned above 
expand lineariy 2 to 5 times and particular y 
3S between 3 and 4 times, dry contents of from 5 to 
45 per cent by weight are suitable in the process 
of the invention preferably between 10 and 30 per 
cent by weight most preferably dry contents of 
between 15 and 25 per cent by vreight are used. 
« In addition to tiie slurry of microspheres, steam 
shall be fed to the pressure zone. The amount of 
steam and the temperature of the steam should 
be sufficient for heating tiie microspheres to a 
temperature above the volatilization temperature 
45 of the blowing agent at the pressure existing in 
the pressure zone and for expanding the particles 
in this zone. The volatilization temperattire vanes 
witii the used thermoplastic matenal and the 
blowing agent that is used but it is normally 
so witiiln the range of from 80 to 1 SOX, and particu- 
larly from 90 to 120°C, and the temperature in the 
pressure zone should thus be kept within this 
range. It is suitable to introduce an excess of 
steam relative to the amount corresponding to 
56 the minimum energy content required to raise the 
temperature and volatilize tiie blowing agent. An 
excess of steam speeds up tiie heat transfer, 
Improves the stability of the expansion pro^s 
and maintains a gas phase In ttie zone which 
eo facilitates the feeding of tiie expanded mass and 
the disintegration of this when it leaves the 
pressure zone. An excess of between 1.5 and 10 
times the minimum required amount is suitable 
and it is particulariy preferred to have an excess 
es of between 2 and 5 times this amount The steam 
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pressure shall of course be higher than the exist- 
ing pressure in the zone and the feeding of steam 
and feeding of the slurry by pumping can be used 
to control the pressure in the zone. 

It can be advantageous to replace a part of the 
amount of steam by a smaller amount of air or 
other inert gas in order to stabilize the pressure in 
the pressure zone, to control the pressure and 
temperature, to control the expansion degree of 
the spheres and to avoid a too high expansion. 
The amount of inert gas can then be between 0.1 
and 1 times the weight amount of introduced 
steam and particularly between 0.2 and 0.5 times 
the amount of steam. 

The pressure in the pressure zone should be 
below the vapour pressure of the blowing agent 
in liquid form so that at least the vaporization heat 
is supplied to the zone while a complete expan- 
sion should not take place in the zone. The 
highest possible pressure Is thus to a high degree 
decided by the blowing agent used. However, 
generally the pressure is below 3 MPa and suit- 
ably also below 1.5 MPa. In order to obtain a 
sufficiently strong acceleration and expansion at 
the outlet of the pressure zone the overpressure 
in the zone should not be below 0.01 MPa, it shall 
suitably be above 0.05 MPa, preferably also above 
0.1 MPa and most preferably above 0.3 MPa. 

Since an excess of heat energy is normally 
supplied to the pressure zone care should be 
taken that the residence time in the zone will not 
be so long as to cause an overheating of the 
expanded microspheres. For normal thermo- 
plastic materials the temperature should thus not 
be allowed to be above 200*^0 and preferably not 
above 180°C. The minimum residence time is 
decided with respect to the requirement that the 
blowing agent should be completely vaporized in 
the zone so that a uniformly expanded product is 
obtained after the outflow from the zone. 

When the expanded particles leave the 
pressure zone they are exposed to a pressure 
drop corresponding to the difference in pressure 
between the zone and the surrounding environ- 
ment At the pressure drop an additional expan- 
sion of the particles takes place at the same time 
the flow will accelerate. In order to maximally use 
these effects for disintegration of the particle flow 
and for mutual particle separation the pressure 
drop should take place rapidly and over only a 
short distance in the flow direction, suitably by 
means of a restriction at the end of the pressure 
zone. As both the disintegration and the cooling 
of the stream occur very rapidly after the outflow 
it is possible to slow down the stream leaving the 
pressure zone by allowing it to hit an impact 
surface which reduces the size requirements for 
the plant 

It is, however, preferred that the outflowing jet 
of microspheres is slowed down completely in 
the surrounding air, before the product is col- 
lected, by directing the jet upwards or hori- 
zontally. Due to the high initial velocity the par- 
ticles will then cover a distance of several meters. 
To limit the transportation distance it can then be 



suitable to arrange an air flow directed towards 
the stream, for example by directing the particle 
stream upwards in a shaft meeting an air stream 
directed downwards. 

5 The velocity of the particle stream leaving the 
pressuure zone orifice shall be high. Suitably the 
velocity is above 1 m/s, better above 5 m/s and 
preferably also above 10 m/s. Although it is poss- 
ible to partially accelerate the flow, and also 

10 change the direction of the flow, by an addition of 
for example compressed air at the orifice, it is 
preferred that the stream is accelerated mainly or 
purely by the pressure drop. This means that the 
pressure difference at the orifice shall be selected 

15 SO that the desired velocity is obtained. It is also 
preferred that the initial direction of the flow is 
determined by the pressure drop, i.e. is perpen- 
dicular to the orifice, and also preferred that the 
direction is maintained until the flow mixes in free 

20 gas volumes. 

An apparatus for carrying out the process can 
have a simple design comprising a conduit with 
pumping means for continuous transportation of 
the sluny of unexpended microspheres to the 

25 pressure zone, corresponding means for con- 
tinuous introduction of steam and optionally also 
means for introduction of inert gas. The supply of 
one stream can be used for pumping in another 
by using venturi valves with ejector effect. The 

30 pressure zone is suitably a pipe of sufficient 
length to give the desired residence time. The 
pipe should be smooth and not contain any 
devices causing severe pressure drops by friction 
losses. The pipe may end with a restriction of 

36 some kind which gh/es a rapid pressure drop. 
Optionally the pipe can be extended some dis- 
tance after the restriction, to direct the particle 
stream. An opening having a diameter of for 
example 0;95 to 0.1 times the inner diameter of 

40 the pipe, and particuiariy between 0.9 and 0.6 
times this, can be used as restriction. 

Using the process of the invention it is possible 
to produce microspheres having a true density of 
between 10 and 100 kg/m^ and particuiariy 

45 between 20 and 40 kg/m^. Any low dry content of 
the product can of course be made but a high dry 
content is generally desired. Using the process of 
the invention it is possible to achieve a dry 
content of the final product above 10 per cent by 

50 weight, and also above 15 per cent by weight 
without a special drying step. 

Example 

Unexpended microspheres of vinylldene 
ss chtoride/acrylonitrile containing isobutane as 
blowing agent (Expancel®), in the form of an 
aqueous dispersion having a dry content of 20.3 
per cent by weight, were fed to a pressure zone at 
a rate of 3 l/min. together with air and steam in a 
60 ratio of 0.3. The pressure zone was a pipe having 
a length of about 0.5 meters and an inner dia- 
meter of 15.7 mm. At the end of the pipe there 
was a restriction with an opening of 12.9 mm. 
After the restriction the pipe was extended for an 
65 additional 0.5 meter. The overpressure in the pipe 
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was about 2.9 atm {0.29 MPa) and the tempera- 
ture about 103°C. After free exit into air ttie 
particles were collected and found to have a dry 
content of 15.8 per cent by weight and a density 
(dry) of 32.9 kg/ml Microscopic investigaton 
showed that the product was completely free 
from agglomerates. 

Claims 

1 A method for expanding expandable thermo- 
plastic microspheres containing a blowmg agem 
vaporized at heating, characterized in tliat a slurry 
of the unexpanded microspheres in an inert liquid 
*fed into Tpressure zone and the microspheres 
are expanded by being contacted with steam of a 
temperature exceeding the vaporiang tempera- 
lure for the blowing agent, that the expanded 
m^rospheres then are allowed to leave the 
pressure zone under a substantial pressure drop 
and that the microspheres are collected. 

2. The method of claim 1, charactenzed in that 
the cooling of the microspheres takes Place when 
the slurry leaves the pressure zone under a 

"Tlhe Shod of claim 1, characterized inUiat 
the microspheres are partially expanded by being 
contacted with steam in the pressure zone and the 
additional expansion of the microspheres takes 
ptece at the pressure drop when leaving the 

"Tjhe me"hod of claim 1, characterized in that 
the pressure drop at the outflow of the slurry 
exceeds 0,05 MPa. in that 

5. The method of claim 1. charactenzed in that 
the pressure drop at the outflow of the slurry 
exceeds 0,1 MPa. . . 

6. The method of claim 1, charactenzed in that 
the dry content of microspheres in the slurry fed 
to the pressure zone is between 5 and 45 percent 

%*TlS^«ethod of claim 4, characterized in that 
the dry content of microspheres in the slurryfed 
to the pressure zone is between 1 5 and 25 percent 

"Vfhfmethod of claim 1, characterized in th« 
the initial dry content of microspheres and *e 
amount of steam are selected to give a final d^ 
content of microspheres in the outgoing mixture 
exceeding 10 percent by weight 

9. The method of claim 6, charactenzed n that 
the final dry content of microspheres in the 
outgoing mixture exceeds 15 percent by weight. 

10 The method of claim 1. characterized in that 
an inert gas is fed into the pressure zone. 

Patentanspriiehe 

1. Verfahren zum Expandieren von expandier- 
baren. thermoplastischen Mik^ok"9/lchen. 
enthaltend ein Trelbmlttel, das beim Ertiitten 
verdampft wurde, dadurch gekennzeichnet. daB 
eine Aiifschlammung der nicht-expand.erten 
Mikrokugelchen in einer inerten Rusfigke^t in 
Sne Dnikzone gefOhrt wird und die Mikrokugel- 



chen Bxpandiert warden, indem sie mit Dampf 
von eine? Temperatur.welche die Verdamph^^^^ 
temperatur des Treibmittels ubersteigt in KonteW 
aebracht werden, daB die expandierten Mikro- 
5 kugelchen dann die Druckzone unter einern 
w^entlichen Druckabfall verlassen konnen und 
daB die Mikrokugelchen gesammelt werden. 

2. Verfahren gem§B Anspnich J. ^a^urch 
gekennzeichnet, daS das Kuhlen der Mikrokugel- 

,0 Chen stattfindet. wenn die Aufschlammung die 
Druckzone unter einem Druckabfall verlaBt 

3. Verfahren gemaB Anspruch 1. dadurch 
gekennzeichnet daB die Wl''^o'^"g«if^f„„\^;'- 
weise wpandiert werden, indem sie mit Dampf in 

IS der Druckzone in Kontakt gebracht werden, und 
die weltere Expansion der Mikrokugelchen beim 
Druckabfall stattfindet, wenn die Druckzone ver- 

4. Verfahren gemSB Anspruch 1, dadurch 
20 gekennzeichnet, daB der Druckabfall beim Austritt 

der Aufschlammung 0,05 MPa Qberstelgt 

5. Verfahren gemiS Anspruch 1. dadurdi 
gekennzeichnet, daS der Druckabfall beim Austntt 
der Aufschlammung 0,1 MPa flbersteigt 

25 6. Verfahren gemaS Anspruch 1- 

gekennzeichnet daB der Trockengehalt der 
Mikrokugelchen in der Aufschlammung, die der 
Druckzone zugefuhrt wird. zwischen 5 und 45 

Gew.% betragt. A^,<.„nh 
30 7. Verfahren gemaB Anspruch 4, dadurch 
gekennzeichnet, daB der Trockengehalt der 
MikrokOgelchen in der Aufschlammung, die der 
Druckzone zugefQhrt wird, rwischen 15 und 25 

Gew.% betrSgt A^A^.rrh 
3s 8. Verfahren gemSB Anspruch 1, dadurch 
gekennzeichnet. daB der anfSngliche Trocken- 
aehalt der MikrokOgelchen und die Dempfmenge 
so gewihlt werden. daS ein Endtrockengehalt der 
Mil^okugelchen in der austretenden Mischung. 
40 der 10 Gew.% Qberstelgt. erhalten wird. 

9. Verfahren gemaB Anspruch 6. dadurch 
gekennzeichnet, daB der endgOltige Trocten- 
gehalt der MikrokOgelchen in der austretenden 
Mischung 15 Gew.% flbersteigt 
45 10 Verfahren gemSB Anspruch 1, dadurch 
gekennzeichnet daB ein inertss Gas in die Dnjck- 
zone eingefuhrt wird. 
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1 Precede de dilatation de microspheres 
thermoplastiques dilatables contenant un agent 
de gonflement vaporise par chauffage, caracte- 
rise en ce qu'un coulis de microspheres non 
ss dilatees, plac6es dans un liquids inerte, est 
envoy6 dans une zone de pression et que les 
microspheres sont dilatees du fait qu'elles vien- 
nent en cortact avec de la vapeur portee a une 
temperature dSpassant la temperature de vapori- 
so sation de I'agent de gonflement en ce que les 
microspheres dilatees quittent ensuite la zone de 
pression en etant soumises h une chute de pres- 
sion importante, et en ce que les microspheres 
sont ensuite rassembl6es. . . 

65 2..Proc6de selon la revendlcatlon 1 , caractense 
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en ce que le refroidissement des microspheres 
s'effectue au moment oil le coulis quitte la zone 
de presslon en 6tant soumis d une chute de 
pression. 

3. Proced§ selon la revendication 1 , caract§rls6 s 
en ce que les microspheres subissent une dilata- 
tion partielle, du fait qu'eiles sont mises en 
contact avec de la vapeur dans la zone de pres- 
sioHf et en ce que la dilatation compl^mentalre 

des microspheres s'effectue au moment de la io 
chute de presslon, k la sortie de la zone de 
pression. 

4. Procide selqn la revendication 1, caracterise ' 
en ce que la chute de pression, au moment de la 
sortie du coulis, depasse 0,05 MPa. fs 

5. Rrocede selon la revendication 1, caracterise 
en ce que la chute de pression, au moment de la 
sortie du coulis, depasse 0,1 MPa. 

6. Precede selon la revendication 1, caracterise 

en ce que la teneur en matieres seches des micro- 20 
spheres, dans le coulis arrivant a la zone de 



pression, est comprise entre 5 et 45 pour cent en 
polds. 

7. Procede selon la revendication 4, caracterise 
en ce que la teneur en matieres seches des 
microspheres, dans le coulis arrivant a la zone de 
pression, est comprise entre 15 et 25 pour cent en 
poids. 

8. Procede selon la revendication 1, caracterise 
en ce que la teneur initiaie des microspheres en 
matieres seches et la quantite da vapeur sont 
choisies de maniere a donner, dans le melange 
sortant, une teneur des microspheres en matieres 
seches qui depasse 10 pour cent en poids. 

9. Procede selon la revendication 6, caracterise 
en ce que la teneur definitive des microspheres en 
matieres seches, dans le melange sortant, 
depasse 15 pour cent en polds. 

10. Procede selon la revendication 1, caracterise 
en ce qu'un gaz inerte est introduit dans la zone 
de pression. 
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